The bioethanol market is large and has a constant upward trend, which requires the improvement of its production. In the Republic of Serbia, bioethanol is produced using sugar beet molasses-based media. Taking 
INTRODUCTION
Bioethanol, i.e. ethanol produced from biomass resources, has been known from ancient times. However, nowadays it is possible to claim that bioethanol represents an extraordinary and important raw material that is abundantly used in all strategic fields of development. Large amounts of bioethanol are traditionally used in everyday life in the form of beverages, antiseptic and disinfectants, whereas modern trends have intensified its use as an environmentally friendly and renewable energy source, i.e. as an additive or supplement to gasoline. The food, cosmetic, pharmaceutical and chemical industries use bioethanol as a solvent, extragent, preservative, additive or initial raw material. Since the fields of bioethanol usage are very diverse, its market, both locally and globally, is large and has a constant upward trend (Baras et al., 2002) . Therefore, the improvement of bioethanol technology is a priority for many research centers, universities, private companies, and even governments, both for economic and environmental reasons.
It is known that bioethanol is produced in distilleries by alcoholic fermentation of carbon sources using suitable biocatalysts, yeasts or bacteria. Considering that not all carbon sources are appropriate for different microorganisms, the selection of raw materials, which contain fermentable sugars or constituents usable in bioethanol production, depends on the applied producing strain (Lin and Tanaka, 2006) . Hence, one of the major problems with bioethanol production is the availability of convenient raw materials. The quality and quantity of selected raw materials can considerably vary from season to season and depend on geographic locations. The price of raw materials is also very volatile, which can highly affect the costs of bioethanol production. Because raw materials typically account for more than one-third of the production costs, the usage of cheap substrates has been suggested as an efficient manner of increasing the cost-effectiveness of bioethanol technology (Balat et al., 2008) .
Different renewable and economically acceptable raw materials are utilized for bioethanol production, and they can be classified into the following three groups: sugar containing substrates (e.g. sugar beet, sugar cane and molasses), starchbased feedstock (e.g. cereals and various carotid crops) and lignocellulosic material (e.g. wood, old paper, straw and similar agricultural by-products) (Lević et al., 2007) . At present, bioethanol is obtained by the fermentation of sugar and starchy raw materials using the Saccharomyces cerevisiae strains, whereas the lignocellulosic bioethanol production is still economically challenging (Bai et al., 2008) . However, among all the raw materials utilized worldwide, molasses and other sugar beet extracts are ideal substrates for bioethanol production because they do not require additional pretreatment stages as almost all of the sugar is in the form of sucrose. It is readily split into glucose and fructose in the initial stage of fermentation by the enzyme invertase, located in the periplasmic space between the yeast cell wall and cell membrane. Therefore, since the intermediate and by-products of sugar beet processing can be used without any modification, the preparation of fermentation media based on these raw materials is very simple, and includes diluting to the desired sugar content (if necessary), as well as the correction of pH value and sterilization (Jevtić-Mučibabić et al., 2008; Zabed et al., 2014) .
European counties are major producers of sugar beet due to favorable climatic conditions and large area of arable land. This crop is grown in the most fertile regions where it is impossible to leave the land unused. Since the sugar beet yield per hectare of cultivated area is very high, the produced amount of sugar is larger than its consumption. For these reasons, the usage of agricultural residues as renewable energy sources is considered. Although the idea to produce bioethanol from alternative raw material is not new, the alcoholic fermentation of intermediate and by-products of sugar beet processing represents an attractive solution for sugar factories interested in a combined production of sugar and bioethanol, as well as distilleries located near the sugar facilities. Therefore, the potential for bioethanol production from raw juice, thin juice, thick juice, molasses and/or beet pulp have been studied in Croatia (Pavlečić et al., 2010; , Romania (Pătraşcu et al., 2009) , Poland (Dziugan et al., 2013) , Czech (Hinková and Bubník, 2001) , Turkey (İçöz et al., 2009) , and other countries in the Europe. On the basis of the results obtained, it is clear that all intermediate and by-products of sugar beet processing can be successfully used for bioethanol production. However, the formulation of media preparation, the optimization of fermentation conditions, and the development of new cultivation techniques can significantly increase product yields and consequently improve the efficacy and cost-effectiveness of the bioprocess.
In this paper, the literature data on the characteristics of intermediate and by-products of sugar beet processing as raw material for bioethanol production are summarized, the criteria for their selection are given, and the locations of their generation are mapped. In addition, the current bioethanol production capacities in the Republic of Serbia are presented, and the possibility of cogeneration of sugar and bioethanol in domestic factories is considered. The systematization of the collected data and their critical discussion will contribute to a better understanding of the challenges related to the bioethanol production using intermediate and by-products of sugar beet processing.
MATERIAL
The available scientific, technical and statistical publications were used as a primary material for this paper. The collated data were selected, systematized, compared and critically discussed.
DISCUSSION

Bioethanol production in the Republic of Serbia
In the Republic of Serbia, bioethanol is predominantly produced from sugar beet molasses, and to a certain extent, especially in factories of smaller capacity, from starchy raw materials such as cereals or potatoes (Baras et al., 2002; Nikolić et al., 2016) . This is due to the existence of facilities built in the earlier period, the availability of raw materials and the simplicity of the technological process for their preparation. Furthermore, the lack of funding for the construction of facilities adapted to the application of cellulosic and lignocellulosic materials as a feedstock also makes it difficult to improve the bioethanol production in Serbia.
The locations of facilities for bioethanol production in the Republic of Serbia are presented in Figure 1 (Serbian Business Registers Agency). It is evident that all the producers mapped are located in the territory of AP Vojvodina, which is expected because the used raw materials are grown in the same region. The presented data do not indicate the purpose of the produced bioethanol, nor the quantities of effluents that each facility individually generates. However, the areas on which they are concentrated are clearly visible.
According to the data of the Statistical Office of the Republic of Serbia, the annual bioethanol production in the last seven years (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) was about 60,000-65,000 hL. The exception is 2011, in which the volume of the produced bioethanol was much higher (almost 87000 hL), and the following year, in which only 525,000 hL was produced due to the supplies of the previous year. Nowadays, bioethanol is produced in significantly greater quantities compared to the period 1994-2004 (approximately 22000 hL per year), but also more than double less compared to the amount produced in the period [2005] [2006] [2007] [2008] (about 145,000 hL per year), which indicates that part of the production capacity is currently underutilized. The possible reasons are the lack of suitable cost-effective raw materials, as well as the inadequate placement of bioethanol on the market in the Republic of Serbia, i.e. bioethanol is still limited to the promotion of traditional applications such as alcoholic drinks, as well as medical and pharmaceutical uses.
Serbia and other Balkan countries, which are interested in joining the European Union, have accepted the obligation to follow the EU policies and programs, including those that oblige them to introduce the production and usage of fuels from renewable energy sources. Analyzing the existing capacities and equipment for bioethanol production in Serbia, it is evident that the bioethanol facilities cannot meet the needs for bioethanol fuel production. With the reconstruction and modernization of the existing manufacturing plants, especially in the domain of new raw materials processing, they could be reconditioned for the production of bioethanol fuel (Dodić et al., 2009a; Nikolić et al., 2016) . Nevertheless, the producing capacities are insufficient for meeting the needs of bioethanol as a supplement to motor fuels (Dodić et al., 2009b) , so new facilities should be constructed based on the use of new, alternative raw materials.
Fig. 1. Map of facilities for the bioethanol production in the Republic of Serbia
Characteristics of raw materials for bioethanol production
On an industrial scale, bioethanol is produced in largevolume bioreactors (not less than 10000 L in Serbia and up to 500000 L in the world) (Lević et al., 2007) , which requires the consumption of a significant amount of water for the fermentation media preparation. For that purpose, in addition to the drinking water supplied from its own sources, industrial facilities also use cheap raw materials, which are usually intermediate products, by-products or effluents of various industries. These alternative raw materials are often simulateneously the source of water as well as various nutrients and compounds that are potentially useful medium ingredients (Balan, 2014) . Moreover, the application of new raw materials and reuse of industrial effluents in bioethanol production are possible to some extent, and are mainly limited to the specific requirements of the selected producing strain (Prasad et al., 2007) . In this context, prior to the application of alternative raw materials in the bioethanol production, comprehensive considerations related to the biological availability and concentration of carbon sources, consistency of raw material, location where it is generated, seasonal availability, alternative application, as well as its local technological potential must be carried out (Smith, 2004) .
The biological availability of carbon sources from the potential raw material implies that the identified sources of this nutrient are fermentable from the applied strain of Saccharomyces cerevisiae, or can be cost-effectively utilized for that purpose. The knowledge about carbon sources concentration and consistency of raw material should facilitate the management (e.g. transport and storage), and minimize the possible changes in composition before usage (e.g. microbiological spoilage and layering). The location where the raw material is generated underscores the transport costs and the possibilities for their reduction. Provided the required quantities need to be collected from multiple locations, it is preferred that they be clustered (large generators in a limited area), and not scattered. The seasonal availability of alternative raw materials includes fluctuations in quantities and composition, which is a consequence of the nature of their production process. Therefore, it is important that the desired raw material is constantly available so that its seasonal availability can be compensated for by storage or cheap preservation. The possible solution is also the replacement of alternative raw material by another that is available at a given moment. It is necessary that selected raw materials have alternative usage in order to anticipate unwanted oscillations in the availability on limited markets. The local technological potential implies an estimation of the potential for generating the required quantities of alternative raw materials at present and in the future, so that the industrialized bioethanol production based on the fermentation of selected raw materials would be cost-effective over a long period.
In addition, it is also necessary to consider the following factors important for the bioprocess: the need for preliminary preparation of an alternative raw material, the consumption of energy and water, and the addition of other feedstock to complete the fermentation medium composition. The behavior of the medium ingredients during its preparation, sterilization, fermentation, as well as the separation of bioethanol from the fermented broth should not be neglected.
Intermediate and by-products of sugar beet processing as raw materials for bioethanol production
In the Republic of Serbia, sugar is exclusively produced from sugar beet grown domestically. Two decades ago, more than 110,000 ha was devoted to sugar beet in Serbia, and the areas devoted to sugar beet in Serbia at present are more than halved. Of the fifteen factories, which produced about 700,000 tons of sugar per year, only six sugar producing facilities have remained with an annual capacity between 400,000 tons and 550,000 tons. The locations of sugar beet cultivation area and the locations of sugar factories are given in Figure 2 (Serbian Business Registers Agency). It is obvious that all facilities for sugar beet processing are near the area where it is grown, and that all of them are located in the territory of AP Vojvodina. The equipment for sugar beet harvesting is adequate, the transportation methods to the factories are well established, and the sugar beet processing technology is entirely optimized.
The technological process of sugar production is continuous and carried out in the following interconnected stages: pretreatment of sugar beet, extraction of sugar from beet cossettes, beet juice purification, beet juice concentration, crystallization and finishing crystals. The raw, thin and thick juices are generated during sugar beet processing as intermediate products, whereas molasses, beet pulp and leaves represent byproducts of sugar technology (Duraisam et al., 2017) .
As stated above, molasses is a commonly used raw material for bioethanol production. It is a stable feedstock during storage up to a year, without evident loss in commercial value. Therefore, the application of molasses is not restricted to the marketing season, and the advantages of its use include relatively simple preparation and minor equipment requirements (Lević et al., 2008) . Unfortunately, the available quantities of this non-standard raw material are unreliable (Baras et al., 2002) .
Fig. 2. Map of the sugar beet cultivation areas and sugar factories in the Republic of Serbia
Furthermore, molasses is obtained at the end of sugar beet processing, and hence its price is considerably higher compared to other intermediate and by-products of sugar technology . Furthermore, the quantity of molasses in our market is very and indicates an decreasing trend due to sugar technology improvements with regard to generating smaller amounts of effluents and reducing the production capacities of sugar factories. Therefore, it is necessary to consider the characteristics of other effluents of sugar beet processing as raw materials for bioethanol production using Saccharomyces cerevisiae. The criteria for their selection are presented in Table  1 . The data summarized in Table 1 indicate that intermediate products from sugar beet processing, i.e. raw, thin and thick juices, represent suitable raw materials for bioethanol production because all of them contain sucrose as a directly fermentable carbon source for Saccharomyces cerevisiae (Ranković et al., 2009) .The concentration of sucrose in raw and thin juices are appropriate, whereas the thick juice must be diluted during the preparation of fermentation medium (Grahovac et al., 2011) . The raw and thin juices feature low storability because the concentration of sugars is almost ideal for most microorganisms (Hinková and Bubník, 2001) . Therefore, these effluents can be used directly either for bioethanol and sugar production during the sugar beet harvest season, or can be concentrated in an evaporator and stored for several months (Popov et al., 2010) . Conversely, thick juice is a highly concentrated sugar solution that is obtained by the concentration and thickening of thin juice using evaporators. This eliminates problems with storability and inhibits microbial growth (Dodić et al., 2009c) . However, the production of thick juice is very complicated and expensive, and it consequently influences the bioethanol price (Hinková and Bubník, 2001) . It is important to note that intermediate products of sugar beet processing do not have an alternative commercial use, but their local technological potential in Serbia is appropriate. As all the sugar factories ( Figure 2 ) and distilleries ( Figure 1 ) are located in a distance of 200 km, the transport of raw materials between existing facilities is fairly possible. Sugar beet pulp is an abundant by-product of sugar industry, obtained after the extraction of sugar with warm water, which contain cellulose, hemicellulose, and lignin as carbon sources (Duraisam et al., 2017) . The extracted beet pulp is only available at the campaign due to high moisture content, and their drying provides the possibility of their long-term storage. This feedstock has a commercial value because it can be added to animal nutrition. However, the conversion of the lignocellulosic raw material to a form that is suitable for fermentation by yeasts is complicated, expensive and currently represents a major disadvantage for its use in bioethanol production (Grahovac et al., 2012a) .
Possibility of the cogeneration of sugar and bioethanol in domestic factories
The increase of sugar production yield and efficiency has led to a reduction in required quantities of sugar beet. A cheaper production of sugar from sugar cane is an additional reason why most of the existing sugar factories in Europe have begun the coproduction of bioethanol in additionally built refineries. Introducing the concept of sugar and bioethanol cogeneration is an attractive option for domestic sugar factories, as it provides flexibility in terms of the variation of produced quantities of sugar and bioethanol, depending on the market conditions. The cogeneration of sugar and bioethanol depends on several factors such as the selected ratio of sugar and bioethanol production, the choice of raw material for bioethanol production (raw, thin and thick juices, molasses or beet pulp), the price of raw materials and products, etc. In addition, industrial facilities for sugar and bioethanol co-production have a spatial advantage due to the raw, thin and thick juices as intermediates and molasses and beet pulp as byproducts of sugar technology are available in the same place (Grahovac et al., 2012a) .
Production of bioethanol from sugar beet is technically feasible in most sugar factories, with appropriate modifications to the facilities and equipment, as well as with some additions. The additional processes and operations required to produce bioethanol from sugar beet include fermentation, distillation, dehydration, storage, quality control and packaging of finished products (Grahovac et al., 2012a) . As the composition of intermediate and by-products of sugar beet processing depends on the location and type of land where the crop is grown, as well as on the applied technological process, the optimization of the bioethanol production by the fermentation of these raw materials originating from the domestic sugar factories was done (Dodić et al., 2009; Grahovac et al., 2011; Grahovac 2012b; Popov et al., 2010) . The determination of the yield, cost-effectiveness, technical requirements and optimal conditions of the bioethanol production using different intermediate and by-products of sugar beet processing is very important. It enables sugar factories to consider the cost-effectiveness of both sugar and bioethanol production, the optimal ratio between them, and the most suitable substrate for bioethanol production (raw juice, thin juice, thick juice or molasses).
CONCLUSION
This paper provides valuable information on the challenges of bioethanol production using intermediate and by-products of the sugar beet processing in the Republic of Serbia. The cogeneration of sugar and bioethanol in domestic factories can be beneficial to the sugar industry, which is facing threats of price and quota reduction in the market. At present, there are ideal conditions for the bioethanol production expansion owing to a significant role of bioethanol in meeting the future energy requirements in Serbia.
